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ABSTRACT 

Bunch, J .  N .  1979. Microbiologi cal observations in south Davis S t r a i t .  
Fish. Mar. Serv. MS Rep. 1515: x + 92 p .  

Microbiological observations were made during t h r ee  c ru i ses  on Davis 
S t r a i t  i n  April-May 1977, April 1978 and August 1978. Total numbers of  
bacter ia l  c e l l s ,  t o t a l  v iable  heterotrophs,  numbers of o l e o c l a s t i c  bac t e r i a ,  
potent ia l  heterotrophic  a c t i v i t y ,  mineralization of hexadecane and 
concentrations of p a r t i  cul a t e  and dissol  ved organic carbon were determined 
from occupied s t a t i o n s .  Simultaneous observations of temperature, s a l i n i t y ,  
r eac t ive  n i t r a t e  and phosphate, phytoplankton numbers and chlorophyll a  were 
made by MacLaren Marex Inc. 

Total numbers of  bac te r ia ,  as  deterrnined by a d i r e c t  count procedure, 
were found t o  increase  approximately one order of magnitude between spr ing 
and summer observations.  A s im i l a r  average increase was observed in the  
numbers of o l e o c l a s t i c  c e l l s .  I t  was concluded t h a t  these  increases were 
i n  response t o  t he  spr ing  bloorn of phytoplankton. P ro f i l e  s t a t i o n s  
dernonstrated a ten-fold decrease i n  bac te r ia l  numbers from one t o  200 
metres depth. 

Values of potent ia l  heterotrophic bacter ia l  a c t i v i  t y  (o r  Vmax), a s  
measured by the incorporation or  uptake of 14C-glutamic ac id ,  were found 
t o  Vary w i t h  the  s t a t e  of the  phytoplankton bloom. During t h e  spr ing 
cruises ,  s t a t i o n s  in  a bloom condition were found t o  have an average 
bacter ia l  Vmax approxirnately one order of magnitude higher than s t a t i o n s  
which were considered t o  be i n  a  "prebloom" o r  winter  condi t ion.  

S ta t ion  occupations a t  s imi la r  locations in August demonstrated an 
average Vmax approximately two to  four times lower than during the  spr ing  
bloom, i n  s p i t e  of a ten-fold increase i n  bacter ia l  numbers. T h i s  was 
in terpreied t o  rnean t h a t  the  bacter ia l  f l o r a  had exhausted dissolved organic 
nu t r ien t s  produced by phytoplankton, spec i f i c a l l y  glutamic acid  subs t r a t e .  
The Vmax o f  potent ia l  heterotrophic a c t i v i t y  a t  200 metres depth was 
uniformly low during spring and summer observations. 

Mineralization of hexadecane was deterrnined by t h e  measurement of 
l '+CO2 evolved by seawater samples supplernented w i t h  Norman Wells crude 
petroleum and 14C-hexadecane. Al though the  numbers of pet rol  eum-degrading 
bac te r ia  o r  o l eoc l a s t s  capable of u t i l i z i ng  t h i s  subs t r a t e  increased ten-  
fo ld  between spring and summêr, the amount of hexadecane rnineralization 
observed during April 1978 was 7.8 times higher than t h a t  measured in  
August water samples. I t  was concluded t h a t  hexadecane rnineralization 
was t imi ted by the  concentrat ions of nu t r ien t s ,  pa r t i cu l a r l y  reac t ive  
n i t r a t e ,  present i n  t he  waters sampled. I t  is suggested t h a t  petroleum 
resu l t ing  from blowouts during the  d r i l l i n g  season i n  south Davis S t r a i t  
v1i7 1 not be degraded t o  any extent  unt i l  the fol  lowing year  when nu t r i en t s  
have been replenished i n  surface  waters. 

Key words: bacter ia ,  heterotrophic potential , 01 eocl as t, biodegradation, 
phytoplankton, season, Davis S t r a i t ,  carbon, mineralization, 
petrol eum. 



RESUME 

Bunch, J .  N. 1979. Microbiological observations in south Davis S t ra i t .  

Fish. Mar. Serv. MS Rep. 1515: x + 92 p .  

Des observations d'ordre microbiologique o n t  é t é  f a i t e s  lors de t ro is  
croisières effectuées dans l e  Détroit de Davis en avril-mai 1977, avril 
1978 e t  août 1978. Le nombre total  de cellules bactériennes, d'heterotrophes 
viables, de bactéries oléoclastes,  l ' a c t i v i t é  hétérotrophe potentielle,  l a  
minéralisation de l'hexadécane e t  les concentrations de carbone organique 
dissout e t  particulaire o n t  é té  déterminés pour toutes les  s ta t ions occupées. 
Simultanément, des observations concernant la  temp&rature, la sa l in i t é ,  les  
ni t rates  e t  phosphates réac t i f s ,  l a  quantité de phytoplancton e t  de 
chlorophylle a o n t  é té  f a i t e s  par MacLaren Marex Inc. 

Le nombre total  de bactéries, déterminé par la méthode du comptage 
i r ec t ,  a augmenté d'un ordre de grandeur environ entre l e  printemps e t  
' é t é .  Une augmentation moyenne semblable a é té  observée dans l e  cas des 

ce11 ules 01 éocl astes.  Ces augmentations concordent avec 1 e bloom phyto- 
planctonique du printemps. Les stations 09 des profils o n t  é t é  effectues 
montrent une baisse du nombre de bactéries de l ' o rd re  de 10 entre 1 e t  200 
mètres de profondeur. 

Des valeurs de 1 ' a c t iv i t é  potentielle de bactéries hétérotrophes (Vmax), 
mesurées par 1 ' incorporation de 1 'acide g l ~ t a m i q u e - ~ ~ C ,  varient selon 1 ' e t a t  
du bloom phytoplanctonique. Durant les  croisières effectuées au printemps, 
les  stations en é t a t  de bloom avaient u n  Vmax moyen, pour les bactéries, 
d'environ u n  ordre de grandeur supérieur à celui observ6 aux stations en 
é t a t  de "pr6bloom" ou conditions d 'hiver .  

L'occupation des s ta t ions à des emplacements similaires en août a 
démontré que l e  Vmax moyen é t a i t  environ 2 à 4 fo is  moins élevé durant l e  
bloom du printemps e t  ce,  en dépit  d ' u n  décuplement du nombre de bactéries. 
Ceci a é té  interprété par l e  f a i t  que la f lore  bactérienne a i t  épuise la 
matière organique dissoute produite par l e  phytoplancton, spécialement 
l ' ac ide  glutamique en tant  que substrat .  Le Vmax de l ' a c t i v i t é  hétérotrophe 
potentielle e s t  demeuré faible  à 200 mètres de profondeur t o u t  au long des 
observations fa i tes  au printemps e t  en été.  

La minéralisation de 1 'hexadécane a é té  déterminée en mesurant la 
quantité de 14c02 dégagée par les échantillons d'eau de mer, enrichis de 
pétrole brut Norman Wells e t  d'hexadécane-14C. Bien que l e  nombre de 
bactéries, aptes à dégrader l e  pétrole, ou d'oléoclastes,  capables d ' u t i l i s e r  
ce substrat ,  augmente de 1 'ordre de 10 entre l e  printemps e t  1 ' é t é ,  la 
quantité d'hexadécane minéralisé, observée durant avril  1978, é t a i t  7.8 fois 
supérieure à ce l le  mesurée dans les  échantillons d'eau pris en août. On a 
conclu que la  minéralisation de l'hexadécane é t a i t  limitée par la  concentration 
des éléments nutri t i f s ,  plus spécialement 1 es ni t rates  réac t i f s ,  présents dans 
l 'eau échantillonnée. On estime que l e  pétrole provenant de l'éclatement d ' u n  
puits durant la saison de forage dans la partie sud du Détroit de Davis ne 
pourra ê t re  dégradé que 1 ' année suivante lorsque 1 es él éments nutri t i f s  auront 
é té  renouvelés dans 1 es eaux de surface. 
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1.0 INTRODUCTION 

Microorganisms, including bac te r i a ,  y e a s t s ,  o ther  fungi and 
phytoplankton a r e  v i t a l  components of the  wor ld ' s  oceans. Carbon i s  
f ixed and u t i l i z e d  by phytoplankton t o  form foragable biomass and 
dissolved organic nu t r i en t s  f o r  the  marine food chain. Heterotrophic 
bac te r i a ,  through a process of oxida t ion ,  decompose complex organic 
molecules t o  smaller  monomolecular u n i t s  f o r  incorporat ion in to  t h e i r  
protoplasm, thereby grazing the  g rea te r  p a r t  of the  dissolved organic 
nu t r i en t s  formed by phytoplankton. In so doing, p a r t i c u l a t e  bac te r i a l  
biomass i s  made ava i l ab le  f o r  grazing by organisms a t  o ther  t rophic  
l eve l s ,  and es sen t i a l  nu t r i en t s  such a s  ammonia and phosphate a r e  
released by minera l iza t ion  f o r  re-entry i n t o  n u t r i e n t  cycles .  Bacterial  
f l o r a s  have been estimated t o  comprise upwards of 50% of the  biomass of 
the  world 's  oceans (Morita,  1977) and the re fo re  a r e  important marine 
cons t i tuents  in terms of both s i z e  and funct ion .  

The he tero t rophic  a c t i v i t y  of bac ter ia  i s  t h e  concern of t h i s  r epor t .  
The measurement of t h i s  process was f i r s t  suggested by Parsons and 
Str ickland (1962) and the  technique was r e f inea  by Wright and Hobbie 
(1966). Further modifications were made by Hobbie and Crawford (1969) 
and by Harrison, Wright and Morita (1971). The method of heterotrophic 
potent ia l  i s  the  s o l e  technique ava i l ab le  t o  evalua te  the  physiological 
s t a t e  of bac te r i a  in  a  water mass. Since t h e  r o l e  of bac ter ia  i s  so 
important in  the  cycl ing of carbon, knowl edge of the  a b i l i t y  of an 
indigenous bac te r i a l  f l o r a  t o  u t i l i z e  a  p a r t i c u l a r  subs t r a t e  in various 
loca t ions  and i n  d i f f e r e n t  seasons should provide ins igh t  in to  the  
biological  processes of the  sea.  

Glutamic ac id ,  a  dicarboxylic  aniino ac id  cons is t ing  of f i v e  carbon 
atoms, forms a component of the dissolved organic carbon in the  marine 
ecosystem (Andrews and Will iams, 1971). I t  i s  r ead i ly  assimilated and 
mineralized by marine bac ter ia  and f o r  t h i s  reason has been used by 
several i nves t iga to r s  as  a  subs t r a t e  in the  method of heterotrophic 
potent ia l  (Carney and Colwell, 1976; Morita, G r i f f i t h s  and Hayasaka, 
1977; Gr i f f i  ths, Hayasaka, McNamara and Mori t a ,  1978). Observations made 
with t h i s  technique a r e  presented i n  t h i s  r epor t  and a r e  the  f i r s t  
observations of heterotrophic po ten t i a l s  i n  t h e  North At lant ic .  

Petroleum introduced t o  the  marine ecosystem forms a highiy complex 
par t  of the dissolved and p a r t i c u l a t e  organic material  in the  water. 
Heterotrophic a c t i v i t y  by bacter ia  and fungi comprises the s o l e  route 
f o r  the  cycling of petroleum as p a r t  of the overa l l  function of carbon- 
cycl ing.  This i s  an oxidat ive biological  process which requires  a  source 
of ni t rogen,  phosphorus, oxygen and t r a c e  elements and i s  subjec t  to  the  
cons t r a in t s  of temperature. The degradation and mineral izat ion of 
petroleum hydrocarbons re leases  carbon and energy f o r  the  maintenance, 
growth and mul t ip l i ca t ion  of some hetero t rophic  marine bac te r i a .  

I t  i s  unl ikely t h a t  these bac ter ia  u t i l i z e  petroleum hydrocarbons 
p re fe ren t i a l ly  over dissolved organic material  such as simple t r i g l y c e r i d e s ,  



other l i p i d s ,  sugars and amino ac ids ,  and more complex peptides and 
polysaccharides. Moreover, where petroleum i s  degraded by bac te r ia ,  
only the  saturated unbranched alkane fracti,on i s  readily u t i l i z ed ,  
leaving a residue of complex aromatics and asphaltenes which i s  only 
s  9 owly degraded. 

The use of 14C-label led al  kanes t o  neasure the incorporation of 
t h i s  petroleum fract ion in to  bacter ia  i s  r e la t ive ly  new. Some success 
was reported by Jordan, Hobbie and Peterson (1978) and Horowitz, 
Sexstone and A t 1  as (1978) b u t  there  a r e  a number of probl ems inherent 
in the technique. Chief among these  has been the i nab i l i t y  t o  measure 
the actual amount of the labelled substance incorporated. Di f f i cu l t i e s  
e x i s t  in separating the f ree  radioactive subst ra te  from the bacter ia l  
c e l l s .  A t  the present time, only t ha t  amount which has passed through 
the metabol i c  machinery of the ce1 1 and has been evolved as 14C-carbon 
dioxide can be measured. Further d i f f i c u l t i e s  have been encountered in 
our laboratory in determining the  eff ic iency of the s c i n t i l l a t i o n  
counti ng procedure. Because of these  di f f  icul t i e s  , any val ues f o r  r a t e s  
of degradati on of a l%-1 abel 1 ed a l  kane must necessari ly be underest imatês . 
Some experimental work remains before t h i s  promising technique can be used 
t o  measure actual degradation r a t e s  of al kane f ract ions  in pa r t i cu la r ,  and 
other petroleum residues in general.  The resu l t s  reported here a r e  the 
f i r s t  obtained from a three-year study which i s  employing the  technique 
in  the evaluation of degradation potent ia ls  of various water bodies. I t  
i s  ant ic ipated t ha t  the technique wil l  a lso  be useful in enumerating the 
numbers of petrol eum-degrading bacter ia  or  01 eocl as t s  present in a water 
mass, and in evaluating the effect iveness  of chemical d ispersants .  



2.0 STUDY A R E A  

Microbiol ogical col 1 ections were made and experiments conducted 
during th ree  c r u k e s  in Davis S t r a i t  during the spring and summer seasons. 
The M.V .  Lady Johnson I I ,  chartered by Esso Resources Canada L t d . ,  
departed from S t .  John's ,  Newfoundland, and occupied accurate s t a t i ons  
in Davis S t r a i t  by means of s a t e l l i t e  navigation. During these and other 
cruises between 1976 and 1978 large  amounts of chemical, physical and 
biological data were obtained by MacLaren Marex Inc. The microbiological 
study was integrated in to  the cruise  l og i s t i c s  of MacLaren Marex Inc. f o r  
three c ru i ses ,  o r  portions thereof,  and various observations and col lec t ions  
were made simultaneously. Samples were processed aboard the vessel in  
special ly  constructed 1 aboratory f a c i l  i t i e s .  

Throughout t h i s  repor t ,  the c ru i se  numbers referred to a r e  those of 
MacLaren Marex Inc. and complete descript ions and analyses of t h e i r  data 
can be found in t h e i r  cruise  reports  (MacLaren Atlantic Ltd., 1978; 
MacLaren Marex Inc.,  1979a, 19795). Cruise 77-2 was conducted during 
April-May 1977 (Fig. l ) ,  cruise  78-1 during April 1978 (Fig. 2 ) ,  and 
cruise 78-2 during August 1978 ( F i g .  3 ) .  

The approximate ice f ronts  encountered on the spring cruises a r e  
denoted by the most western and northern s t a t i ons  occupied. In some 
instances, however, the vessel was ab le  t o  penetrate safe ly  up  t o  25 
nautical miles in to  the pack ice.  During the August 1978 c ru i se ,  no 
pack i ce  was observed and complete t ransects  were accomplished. Depending 
on ice  conditions, refuell ing and changes of personnel were made a t  Frobisher 
Bay, N.W.T. or  Godthaab, Greenland. 



3.0 METHODS AND MATERIALS 

3.1 Sampling Procedure 

Water samples from depths of 1 ,  5, 20, 50, 100 and 200 metres were 
collected asept ica l ly  with Niskin SS1.5 s t e r i l e  bag-samplers f o r  
mi crobiological purposes and wi t h  5L Nis kin bot t l  e sampl e r s  f o r  carbon 
analyses. The water samples were processed immediately a f t e r  col lec t ion.  

3.2 Plating Procedure 

A spin-plate technique was employed to  dispense an a l iquot  of the 
water sample on the surface of a cold agar p la te  with a cold pipet te .  
Incubation was a t  2.3"C f o r  three  weeks. Quadruplicate spin-plates were 
made of -each water sample. After incubation, the pla tes  were examined 
and those with an uneven d i s t r ibu t ion  of colonies were discarded. The 
colonies of three pla tes  of a rep l i ca te  s e t  were enumerated, averaged, 
and the mean value was expressed as a log number of t o t a l  viable 
heterotrophs (TVH) per l i t r e  of water sample. 

A modified formulation of the l i b  X agar medium of Gr i f f i t h s ,  Hanus 
and Morita (1974) was prepared in advance of cruises and stored a t  2.0°C 
unt i l  used. The medium consisted of 2.3 g t rypt icase  (Baltimore 
Biological Laboratories) ,  1 . 2  g Bacto-yeast ex t rac t  (Difco),  7.69 g Tris 
buffer (Trizma-7.2; Sigma Chemical Co. ) ,  0 .3  g sodium c i t r a t e ,  3 .3  g 
L-glutamic acid,  0.05 g sodium n i t r a t e ,  0.001 g f e r r i c  chlor ide ,  and 
12.0 g Bacto-agar (Difco). The ingredients were dissolved in 1.0 L of 
34"/,, Instant Ocean (Aquarium Systems, Inc. ) . The medium was autocl aved, 
cooled and dispensed in 100 mm pe t r i  dishes. Final pH.at 5.0°C was 7.8. 

3.3 Determination of Oleoclast ic Cells 

The abundance of o leoclas ts  was determined by the most probable 
number (MPN) procedure (American Pub1 i c  Heal t h  Association, 1971). Ten 
m L  samples of seawater were added t o  90 m L  of s t e r i l e  Ins tant  Ocean 
(34"/, ,)  in screw-cap d i lu t ion  bo t t l e s  and ten-fold s e r i a l  d i lu t ions  u p  
t o  were prepared in t r i p1  i c a t e .  The bot t les  were supplemented wi t h  
100 mg of s t e r i l e ,  weathered Norman Wells crude petroleum. 

3.4 Direct Count Procedure 

Direct counts of bacteria in seawater were made using a procedure 
s l i gh t l y  modified from t h a t  described by Watscn, Novitsky, Quinby and 
Val o i s  (1977). Polycarbonate membrane f i  1 t e r s  (Nucl eopore Corp. ) of pore 
s i ze  0.2 vm and 25 mm diameter were prestained in a 0.2% solution of 
irgalan black in 2% by volume ace t i c  acid. The f i l t e r  was then rinsed in 
ce l l - f ree  d i s t i l l e d  water and placed on a 25 mm glass f i l t e r  holder 
(Millipore Corp.). A seawater sample of 2.0 to  10.0 m L ,  f ixed a t  the 
time of collect ion with 0.2% gluteraldehyde, was added t o  the f i l t e r  
funnel a f t e r  shaking in a vortex mixer, and su f f i c i en t  acr id ine  orange 



(80% dye content)  a t  a concentration of 0.1% in 0.02 mol Tr is  (pH 7.2) 
was added to  the sample t o  yie'ld a f ina l  s t a i n  concentration of 0.02%. 
After two minutes, the sample was f i l t e r e d  and the membrane was placed 
on a g lass  s l i d e ,  wetted with a drop of Cargil le  Type A immersion o i l  
and covered w i t h  a cover glass: 

A Zeiss mode1 WL microscope equipped with an epifluorescent  
condenser, a 50 watt mercury lamp, a BG 12 excitat ion f i l t e r ,  a No. 50 
bar r i e r  f i l t e r ,  and a No. 500 beam s p l i t t e r  was used to  view and count 
the c e l l s .  For counting, a 10 mm square r e t i cu l e  grid was used. A 
s u f f i c i en t  amount of seawater sample was f i l t e r e d  t o  y ie ld  about 100 
c e l l s  per grid f i e l d .  Ten randomly selected gr id  f i e l d s  of each sample 
membrane were counted and the r e s u l t  was averaged and expressed as log 
number of ce1 1s per 1 i t r e  of seawater sample. 

3.5 Phytoplankton, and Chemical and Physical Oceanography 

Determinations of temperature, s a l i n i t y ,  reactive phosphate and 
n i t r a t e ,  ch1 orophyl 1 a and phytopl ankton numbers were made by MacLaren 
Marex Inc. A complete descript ion of the procedures employed can be 
found in t h e i r  cruise repor ts .  

3.6 Bacterial Heterotrophic Potent ia ls  

An extensively modified procedure of tha t  described by Harrison e t  a l .  
(1971) was employed throughout t h i s  study. Aseptic water samples were 
col lec ted,  as previously described, and processed imrnediately. To measure 
subs t ra te  assimilated and retained by bacter ia ,  ten m L  a l iquots  of sample 
water were added t o  sixteen ch i l l ed  and s t e r i l e  50 mL screw-cap bo t t l e s  
containing varying amounts of glutamic acid subst ra te .  The vessels  had 
previously been supplemented wi t h  gl utamic acid,  both 1 abel 1 ed and 
unlabelled, such t ha t ,  upon addit ion of the seawater, e ight  pai rs  of 
vesselS contained one of e ight  concentrations of glutamic acid from one 
to  100 ug/L with 2.0 o r  20.0 uCi/L of a c t i v i t y .  The spec i f i c  a c t i v i t y  of 
the several l o t s  of L-glutamic acid-U-14C (New England Nuclear Corp.) used 
was approximately 230 mCi/mmol. A seventeenth vessel containing 100 pg/L 
of glutamic acid with 20 uCi/L of a c t i v i t y  served as a background control 
f o r  the eight  concentrations. Upon addition of the seawater a l iquo t ,  the 
reaction volume of the control vessel was irmediately f i l t e r e d  through a 
25.0 mm membrane f i l  t e r  (Mill ipore Corp. ) with a pore s i z e  of 0.45 pm and 
rinsed twice w i t h  20.0 m L  portions of cold, f i l t e r e d  seawater. The 
sixteen incubation vessels were held a t  2.0°C fo r  9, 12 or 18 hours. This 
incubation temperature was judged to  be suf f i c ien t ly  close t o  the i n  s i t u  
temperature in most cases. Incubation was stopped by simultaneous 
f i l t r a t i o n  of the sixteen vessels followed by cold r ins ing.  Rinsed 
membranes were transferred to  s c i n t i l l a t i o n  v ia l s  containing 8.0 mL of 
Aquafl uor (New England Nuclear Corp. ) , a dioxane-based f l  uor, as suggested 
by Thompson and Hamil ton (1974). 

'To measure subst ra te  respired by bacter ia ,  seventeen 50 m L  serum bot t les  
were prepared with subst ra te  and sample water as above. Upon addit ion of the 



seawater sample t o  the control vessel ,  0.2 m L  of 5.0 N ti,S04 was 
imrnediately added t o  reduce the pH of the sample t o  below 2.0. Bottles 
were stoppered with serum caps f i t t e d  with a p l a s t i c  reaction we11 
(Kontes Glass Co. ) . The wel l s ,  suspended above the  seawater sample, 
contained a f lu ted  wick consist ing of two glass  f i l  t e r s  (Whatman GFA-24 m n ) .  

After incubation, the reaction in serum vessels  was stopped by the 
addition of ti2S0, through the rubber caps by means of a syringe. A t  the 
same time, 0 .2  m L  of 6-phenethylamine (New England Nuclear Corp.) was 
added through the cap in to  the p l a s t i c  well where i t  was completely 
absorbed by the glass f i l t e r s .  The bot t les  were then fu r the r  incubated 
fo r  twelve hours a t  40.0°C, during which time l 4 C O 2  in the reaction vessel 
was evolved from the  seawater and absorbed by the  phenethylamine-soaked 
wicks. The bo t t l e s  were then opened and wicks were transferred to 
s c i n t i l  l a t ion  v i a l s  containing 8.0 m L  of Aquasol (New England Nuclear 
Corp. ) . 

Sc in t i l l a t i on  v i a l s  were transported t o  Ste-Anne-de-Bellevue where 
they were counted in a Nuclear-Chicago Isocap 300 s c i n t i l l a t i o n  counter. 
Quenching was corrected by the  channel ra t ios  method. Results of 
membrane and wick counts were combined t o  y ie ld  t o t a l  uptake of the 
glutamic acid subs t ra te .  Uptake kinetics were generated by computer 
programs. 

3.6.1 Theory 

Kinetic parameters from the uptake of the glutamic acid subst ra te  
were cal cul ated from a modif ied Michael is-Menten equation (Dowd and Riggs, 
1965) o r  

A D u t  - (K+S) + - 
d Vmax Vmax 

1 

where Du = radioact iv i ty  added, d = radioact iv i ty  taken u p ,  t = incubation 
time in hours, K = an uptake constant, S = concentration of the natural 
subst ra te ,  Vmax = the maximum velocity of uptake, and A = concentration of 

the subst ra te  added. Plott ing (y) against  A y ie lds  a s t r a i g h t  1 ine where 

the reciprocal of the slope = Vmax, y in tercept  = turnover time in hours 
(T) ,  and x in tercept  = (K+S). 

The maximum veloci ty (Vmax) , or potential of heterotrophic ac t iv i  t y ,  
i s  the velocity of uptake a t  which the subst ra te  sa tura tes  the uptake 
system such t ha t  the  velocity can no longer increase.  Vmax i s  an indication 
of the physiological s t a t e  of the bacterial  f l o r a  in t ha t  i t  demonstrates 
the potential abil  i t y  of the f lo ra  to  use a pa r t i cu la r  subs t ra te ,  i . e .  i t s  
degree of adaptedness to  t ha t  subst ra te .  

The value of (K+S) represents a combined value of the uptake constant 
and the concentration of the naturally-occurring subs t ra te  in the water 



sampled. In a  general way K may be considered as an a f f i n i t y  constant  
between ce11 and s u b s t r a t e .  Spec i f i ca l ly ,  i t  i s  the concentrat ion of 
s u b s t r a t e  required to  d r i v e  the  reac t ion  a t  half-maximal. A high value 
of (K+S) may suggest an unadapted population o r  a  high concentrat ion of 
natural  subs t r a t e ,  while a  very low value indica tes  an adapted population 
o r  a  low value of natural  s u b s t r a t e .  Turnover (T) i s  t h e  time required 
f o r  t h e  f l o r a  to  deple te  a l 1  the  ava i l ab le  natural s u b s t r a t e  in a  l i t r e  
of the water sample. A very l a rge  value of T suggests a  high concentration 
of natural s u b s t r a t e  being consumed a t  a  low veloc i ty  by an unadapted 
f l o r a .  A very 1ow value of T suggests  a  highly adapted f l o r a  rapid ly  
consuming a 1ow concentrat ion of natural subs t r a t e .  

In addi t ion  t o  the  above k i n e t i c  parameters, uptake and ass imi la t ion  
of a  radioact ive  amino ac id  denotes conversion of dissolved organic carbon 
t o  p a r t i c u l a t e  bac te r i a l  biomass ( i  . e .  growth and mu1 t i p l  i c a t i o n ) .  
P,leasurement of r e l  eased 14c02 provides an es t imate of minera1 i za t ion  of 
an amino acid s u b s t r a t e  t o  CO, and ammonia. 

3.7 Determination of Mineral izat ion of Hexadecane 

Three hundred m L  a l iquo t s  of f reshly-col lec ted  seawater were added 
t o  e i g h t  500 m L  s t e r i l e  serum b o t t l e s  supplemented with 300 of s t e r i l e  
weathered Norman Wells crude and 30 PL of hexadecane containing hexadecane 
- 1 - 1 4 C  (Amersham Corp.) w i t h  0 .3  uCi of r ad iodc t iv i ty .  A ninth b o t t l e  was 
immediately a c i d i f i e d  t o  pH 2.0 w i t h  6.0 mL of 5N H2S04 and served as a  
background cont ro l .  Al1 vessels 'were incubated a t  2.0°C and, a t  four o r  
f i v e  day i n t e r v a l s ,  up t o  16 o r  20 days, two b o t t l e s  were a c i d i f i e d .  

In Ste-Anne-de-Bellevue, t h e  vessels  were purged of CO, which was 
col lec ted  in NaOH and p rec ip i t a t ed  with BaC1,. The p r e c i p i t a t e s  were 
f i l t e r e d  through 25.0 mm Whatman GFC f i l t e r s  and the  f i l t e r s  added t o  
s c i n t i l l a t i o n  v i a l s  containing 10.0 mL of Aquâsol. Vials were counted and 
corrected f o r  quenching with an interna1 standard. 

3.8 Carbon Analyses 

Carbon analyses were done by a procedure which modified and in tegra ted  
t h e  procedures of Menzel and Vaccaro (-1964) and Stainton (1973). Freshly- 
co l l ec ted  100 m L  water samples were f i l t e r e d  through previously ashed 
Whatman GFC-25 mm g l a s s  f i l t e r s .  F i l t e r s  and f i l t r a t e s  were i m e d i a t e l y  
frozen f o r  subsequent ana lys i s .  

Dissol ved organi c  carbon [DOC) was determi ned from the  thawed f i  1 t r a t e  
by wet oxidation in a  sea led  g la s s  ampule a f t e r  removal of inorganic 
carbonate. Pa r t i cu la t e  organic carbon ( P O C )  was determined from thawed 
glass  f i l t e r s  in a  s i m i l a r  faskion.  In both cases,  evolved C O 2  was reduced 
t o  methane on a nickel c a t a l y s t  i n  a  continuous stream of hydrogen. 
Production of methane was determined by flame ioniza t ion  using a Hewlett- 
Packard 5700A gas chromatograph and a Hewlett-Packard 3380 recorder- in tegra tor .  



RESULTS A N D  DISCUSSION 

The three cruises  undertaken in 1977 and 1978 successfully covered 
the region of south Davis S t r a i t  and included some areas l ike ly  t o  be 
affected by petroleum, should a blow-out occur. Comparison of the 
microbiological observations taken during the  spring season of the two 
years with the  observations of the August 1978 c ru i se  provides a seasonal 
pattern of the d i s t r ibu t ion  and a c t i v i t i e s  of the indigenous bacterial  
f l o r a .  Together with the accumulated information of several cruises  
conducted by MacLaren Marex Inc. ,  such data provide a reasonable baseline 
of microbiological information of Davis S t r a i t  waters. 

The volume of data generated in the pas t  year cannot be fu l ly  t r ea ted  
in th i s  i n i t i a l  repor t .  A second report  wil l  present observations made 
a t  inshore local i t i e s  in Frobisher Bay in  the pas t  year. Most offshore 
observations wil l  be interpreted on the basis  of conclusions made from 
intensive s i t e - spec i f i c  sampling in Frobisher Bay. The study i s  to 
continue fo r  two years  and t h i s  report  should be considered as a data 
report  with some general and preliminary conclusions. 

4.1 Physical and Chemical Oceanography 

Observations of temperature, s a l i n i t y  and nutr ients  a t  s t a t ions  
occupied a r e  seen in Tables 4 ,  5 and 6 and a re  provided fo r  the reader ' s  
reference. The observations were made simultaneously with microbiological 
sampling. Treatment of these data can be found in  the cruise reports  of 
MacLaren Marex Inc. f o r  cruises 77-2, 78-1 and 78-2. 

4.2 Phytoplankton, and Dissolved and Par t i cu la te  Carbon 

Observations of phytoplankton numbers and concentrations of 
chlorophyll a in the waters sampled are t o  be found in Tables 7, 8 and 9. 
Again, these observations were made simultaneously with microbiological 
sampling. Treatment of these data, together with species composition of 
phytoplankton a r e  t o  be found in the MacLaren Marex Inc. cruise reports .  
Figures 4, 5 and 6 show the numbers of phytoplankton observed in one 
metre water a t  a l1  s t a t ions  occupied during the th ree  cruises.  

During the spring cruise of 1977 (cruise  77-Z), phytoplankton blooms 
were observed from the northeast of the cruise  area down t o  l a t i t ude  62"N. 
Below t h i s  l a t i t u d e ,  concentrations of phytoplankton were found along the 
ice  edge a t  the most westerly s t a t ions .  Ce11 numbers ranged as high as 
3.3 X 1 0 ~ 1 ~  a t  s t a t ions  where an intense bloom was in progress and nutr ients  
were depleted. A t  these s t a t i ons ,  the bloom was predominately in the top 
twenty metres of the  water column, b u t  occasionally extended down to a 
depth of 50 metres. Other s t a t ions  such as 62 ,  63 and 46 in the southeast 
of the cruise  area were low in phytoplankton numbers and nutr ient  levels  were 
high. Such s t a t i ons  were considered t o  be in "prebloom" or winter condition. 



During the  cruise  of April 1978 (78- l ) ,  which took place several 
weeks e a r l i e r  than the cruise  of 1977, phytoplankton blooms were detected 
north of l a t i t ude  62"N. Below t h i s  l a t i t ude  there was l i t t l e  evidence of 
phytoplankton, and nutr ients  were uniformly high throughout the  water 
col umns  sampl ed. MacLaren Marex Inc. (1979a) reported phytopl an kton 
blooms throughout this region in the  following month of May. 

The summer cruise  of August 1978 (c ru i se  78-2) demonstrated t h a t  
most upper water layers between l a t i t udes  60°N and 66ON were essen t ia l ly .  
depl eted of nutr ients .  Phytopl an kton bl ooms were observed only a t  
l a t i t u d e  66'1 and along the Baffin coas t  where physical data suggested 
upwelling and replenishment of nu t r i en t s  f o r  phytoplankton development 
(MacLaren Marex Inc.,  1979b). 

Concentrations of dissol ved and par t i  cul a t e  organi c carbon ( D O C  and 
POC respect ively)  were determined from al 1 s t a t ions  and are  presented in 
Tables 4, 5 and 6. These values wi l l  be re la ted  t o  the ac t i v i t y  of 
phytoplankton and bacteria in a l a t e r  report .  

4 .3  Bacterial Numbers 

The numbers of bacteria f luctuated both seasonally and s p a t i a l l y  as 
might be expected, the degree of f luctuat ion being dependent on the s t a t e  
of the water mass and the technique employed fo r  enumeration. .The d i r ec t  
count procedure (see section 3 .4 ) ,  a  r e l a t i ve ly  new technique, accurately 
counts al 1 bacterial  c e l l s ,  both 1 iving and dead, in a water sample. 
Values of to ta l  viable heterotrophs (TVH) a re  obtained from p la te  counts 
and a r e  an expression of the bacter ia  which a re  capable of mul t ip l ica t ion 
on the cul t ivat ion medium employed. Counts obtained in t h i s  manner a r e  
generally several orders of magnitude lower than those obtained by d i r ec t  
count. This i s  not an indication t h a t  most of the f lo ra  i s  dead b u t  
r a the r  t h a t  the cul t ivat ion medium wil l  not support the mul t ip l ica t ion of 
much of the bacterial  f l o r a  present in  the water sample. In addi t ion,  
clumped bacter ia l  c e l l s  a re  counted as  a s ingle  uni t  on the c 'ul t ivation 
medium and the actual count i s  therefore  depressed. 

The most probable number (MPN) procedure used in t h i s  study i s  a  
di lu t ion t o  extinction method which cul t i va t e s  those ce1 1s capable of 
mul t ip l ica t ion in a medium containing weathered crude petroleum as a 
so l e  source of carbon. Enumeration of oil-degrading bacteria o r  o leoclas ts  
in t h i s  fashion i s  rather imprecise b u t  the technique i s  the best  one 
avai lable  a t  t h i s  time. 

The d i r ec t  counts obtained from two cruises a re  seen in Tables 8 and 
9. In almost al1 cases, p rof i l e s  t o  200 metres were made. No data a re  
avai lable  from the spring c ru i se  of 1977. In 1978, d i rec t  counts of 
bacteria in April ranged from a low of 7.9 X 106/L t o  a high of 3.2 X 108/L. 
In general ,  d i rec t  counts decreased approximately one order of magnitude 
from one t o  200 metres depth. High values were obtained in surface waters 
where phytoplankton blooms were ongoing o r  recent ,  as evidenced by depleted 



nutrients. Within a water column, the correlation of phytoplankton 
numbers and direct  count of bacteria was high. Poor correlations were 
obtained when compari ng different  areas since the bacteri al f l  ora was 
found to remain in large numbers where phytoplankton numbers were 
declining in the absence of nutrients. Figure 7 shows the range of 
values of direct count in one metre water of a11 s tat ions occupied in 
April 1978. 

During the August cruise of 1978 (Table 9 ) ,  direct  counts ranged 
from a low of 1.8 X 107 to 1 . 2  X 109 cells/L and were generally an order 
of magnitude higher than during spring conditions. The highest values 
for direct counts of bacteria during the August cruise were found a t  
the two northernmost la t i tudes,  65"N and 66"N, where there was evidence 
of recent blooms of phytoplankton. Figure 8 shows the range of values 
for  direct  counts of bacteria in one metre water a t  s ta t ions occupied in 
August. 

Total viable heterotrophs (TVH) and numbers of 01 eocl as ts  observed 
on  the three cruises are presented in Tables 10, 11 and 12.  Nufilbers of 
oleoclasts from the April 1978 cruise are not available. Figures 9, 10 
and 11 present four ranges of counts of TVH in one metre water a t  a11 
stations occupied. As expected, tnese values were considerably less 
than comparable values obtained by direct count. However, they showed 
similar trends in that summer values were much higher than spring values. 

Estimates of the numbers of oil-degrading bacteria or oleoclasts in 
one metre water of al1 s ta t ions occupied o n  the spring cruise of 1977 and 
the August cruise of 1978 are seen in Tables 10 and 12 respectively. 
These values represent the best assessment possible a t  this  time. The 
data are summarized in Figures 12 and 13. Oleoclasts increased in summer 
waters over those seen in spring waters by an average of approximately 
one order of magnitude. This reflected the general increase in the 
numbers of heterotrophic bacteria from spring t o  summer. Their distribution 
in summer waters did not demonstrate any particular pattern. The highest 
values a t  this  time were a t  stations 21,  23, 30 and 34. 

4.4 Bacterial Heterotrophic Activity 

4.4.1 Uptake of glutamic acid 

Use of the method of heterotrophic potential permits an evaluation 
of the physiological s t a t e  of the heterotrophic bacterial f lora  in a 
water mass. The heterotrophic flora is  that f lora  which requires complex 
organic molecules as a source of energy and carbon for  growth and 
multiplication, and constitutes most of the bacteria in the marine 
ecosys tem. 

Of the several kinetic parameters generated by the method of 
heterotrophic potential ,  maximum velocity (Vmax) i s  perhaps the most 
important for the purposes of t i ~ i s  report. Vinax i s  a calculation of the 
maximum rate a t  which a bacterial f lora  can take u p  or incorporate a n  



organic compound or  s u b s t r a t e  in a  s i t u a t i o n  where the  ava i l ab le  organic 
s u b s t r a t e  in the  water i s  in  excess and i s  sa tu ra t ing  the  a b i l i t y  of the 
organisms t o  use i t .  As such, Vmax represents  a  "po ten t i a l "  he tero t rophic  
a c t i v i t y  s ince  the natural concentrat ion of the  s u b s t r a t e  in t h e  water i s  
almost always l e s s  than a s a t u r a t i n g  concentration. Since t h e  concentrat ion 
of various organic subs t r a t e s  i s  dependent on t h e i r  production and extrusion 
by primary producers, i . e .  phytoplankton, a  close r e l a t ionsh ip  e x i s t s  between 
primary production by phytoplankton and the  incorporation o r  uptake of t h a t  
production by bac te r i a .  

The addit ion of a  radioact ive  organic subs t r a t e  t o  a  water sample 
supplements the level  of the  na tura l  subs t r a t e  already present  in t h e  
water due t o  i t s  production by phytoplankton. This concentrat ion of 
natural  subs t r a t e ,  although unknown, i s  taken in to  considerat ion in the 
ca lcu la t ion  of Vmax. The rad ioac t ive  subs t r a t e  employed throughout the  
c r u i s e s  was glutamic ac id ,  an amino ac id  produced by phytoplankton and 
r e a d i l y  u t i l i z e d  by marine b a c t e r i a .  Other k ine t i c  data generated by 
t h i s  technique include (K+S) and ( T )  which a r e  described e a r l  i e r  in t h i s  
r epor t .  Their values, together  with values of Vmax f o r  a11 s t a t i o n s  
occupied on t h e  three c ru i ses ,  a r e  presented in the appendix. These da ta ,  
however, w i l l  be t r ea ted  in a  l a t e r  repor t  in  r e l a t i o n  to concentrat ions ' 

of dissolved and p a r t i c u l a t e  organic  carbon a t  occupied s t a t i o n s .  

The heterotrophic a c t i v i  t y  of  bac te r i a  in Davis S t r a i  t c l  ose ly  
pa ra l l e l ed  t h e  blooms of phytoplankton. Values obtained f o r  Vmax of 
glutamic ac id  in one metre water a r e  presented in Tables 13, 14 and 15 
f o r  the  c ru i ses  in April-May 1977, April 1978 and August 1978 re spec t ive ly .  
A summary of these data i s  seen in Figures 14, 15 and 16. The ca lcu la t ed  
maximum veloci t y  of gl utamic ac id  uptake in one metre waters sampled 
during the  spring cru ises  were genera l ly  two t o  four times higher in the  
presence of a  phytoplankton bloom than in the same waters in August when 
t h e  bl oom had decl ined. 

A t  l a t i t u d e  63"N, Vmax a t  one metre f o r  three  s t a t i o n s  sampled in 
April 1978 was an average of 7.2 pg glutamic acid per l i t r e  of seawater 
per day. A t  the  same l a t i t u d e  in August 1978, the average Vmax a t  four  
s t a t i o n s  was 2.3 pg/L/day. This reduction of potent ial  a c t i v i t y  by a 
f a c t o r  of 3.2 occurred in s p i t e  o f  an increase in bac ter ia l  numbers. A t  
t he  time of sampling in Apr i l ,  phytoplankton production had occurred and 
n u t r i e n t s  were already depleted in the  upper par t  of the water column. 
In Augusty nu t r i en t s  had not been regenerated in the water mass sampled, 
phytopl ankton production was negl i g i b l e  and the bac ter ia l  f l o r a  was 
incorporat ing subs t r a t e  a t  a  reduced potent ia l  r a t e  in response t o  the 
diminishing a v a i l a b i l i t y  of the  s u b s t r a t e .  

An example of a  "prebloom" s t a t i o n  i n  winter conditions was s t a t i o n  
30A occupied in May 1977. Ice condit ions were very heavy a t  t h i s  s t a t i o n  
and approximately one t h i r d  of a  metre of s lush was f l o a t i n g  in the  open 
leads .  The bloom of phytoplankton had presumably s t a r t e d  only a  s h o r t  
time before the  s t a t i o n  occupation and the Vmax of he tero t rophic  bac te r i a l  
a c t i v i t y  in one metre water was 0.47 pg/Llday. In con t ra s t  t o  t h i s  value,  



s t a t i o n s  occup ied  t o  t h e  e a s t  a t  t h i s  l a t i t u d e  were i n  bloom c o n d i t i o n s  
and t h e  a v e r a g e  Vmax of f i v e  s t a t i o n s  was 4.10 pg/L/day. A t  l a t i t u d e s  
below 63"N i n  Apri l  1977, on ly  s t a t i o n s  4 3 ,  46,  62 and 63 had low maximum 
v e l o c i  t i e s  t y p i c a l  of w i n t e r  c o n d i t i o n s .  

I n  t h e  second s p r i n g  c r u i s e  (Apr i l  1 9 7 8 ) ,  t h e  m a j o r i t y  of s t a t i o n s  
were i n  w i n t e r  c o n d i t i o n s  i n  t h a t  t h e r e  was no ev idence  of phytoplankton 
blooms and n u t r i e n t  l e v e l s  were h igh .  B a c t e r i a l  a c t i v i t y  a s  wel l  a s  
numbers were low a t  t h e s e  s t a t i o n s .  The average  Vmax a t  f o u r  s t a t i o n s  
on l a t i t u d e  60°N was 0.46 ~ g / L / d a y .  Th i s  is  i n  c o n t r a s t  wi th  an a v e r a g e  
Vmax o f  f o u r  s t a t i o n s  a t  t h e  same l a t i t u d e  i n  August of 2.66 pg/L/day, 
we l l  a f t e r  t h e  phytoplankton bloom i n  May (MacLaren Marex I n c . ,  1979a) .  

A t  s e l e c t e d  s t a t i o n s  on t h e  t h r e e  c r u i s e s ,  p r o f i l e s  of b a c t e r i a l  
a c t i v i t y  were made from one t o  200 m e t r e s  d e p t h .  The r e s u l t s  o f  t h e s e  
a r e  p r e s e n t e d  i n  Tables  16,  17 and 18 f o r  t h e  c r u i s e s  i n  Apri l  1977,  
Apri l  1978 and August 1978 r e s p e c t i v e l y .  P r o f i l e  s t a t i o n s  i n  t h e  s p r i n g  
and summer c r u i s e s  demonstra ted  l i t t l e  v a r i a b i l i t y  i n  Vmax a t  t h e  lower  
d e p t h s .  The average  va lue  i n  Apr i l  1977 a t  200 metres  was 0.224 pg/L/day, 
i n  Apri l  1978, 0 .23  pg/L/day, and i n  August 1978, 0.30 pg/L/day w i t h  
s t a t i o n  34 excluded.  

S t a t i o n  34 i n  t h e  mouth of F r o b i s h e r  Bay demonstra ted  an average  Vmax 
a t  f i v e  d e p t h s  from one t o  one hundred m e t r e s  of  1.60 pg/L/day. However, 
a t  200 m e t r e s ,  a  Vmax of 9.37 pg/L/day was determined.  Values of t o t a l  , ' 

v i a b l e  c o u n t  and p a r t i c u l a t e  o r g a n i c  carbon were a l s o  ve ry  h igh .  The 
w a t e r  mass a t  t h i s  depth formed p a r t  of t h e  south-f lowing Baff in  c u r r e n t  
(Dr.  S. A .  M .  Conover, persona1 communication) and t h e  unusua l ly  high 
a c t i v i t y  was probably  i n  r esponse  t o  t h e  remnants of an e a r l i e r  i n s h o r e  
phytoplankton bloom a t  a h igher  l a t i t u d e .  

P r o f i l e  s t a t i o n s  which could  be c o n s i d e r e d  t o  be i n  w i n t e r  c o n d i t i o n s  
dur ing  t h e  s p r i n g  c r u i s e s  of  1977 and 1978 showed on ly  minor changes in  
Vmax from o n e  t o  200 met res .  The a v e r a g e  Vmax of t h e s e  s t a t i o n s  ranged 
from 0.45 pg/L/day a t  one met re  t o  0.15 ~ g / L / d a y  a t  200 m e t r e s .  In  c o n t r a s t ,  
t h e  o t h e r  p ro f  i 1 e s t a t i o n s  o f  both s p r i  ng c r u i s e s  had phytopl ankton bl ooms 
i n  p r o g r e s s  and t h e  average  Vmax ranged from 4.83 ~ g / L / d a y  t o  0 .28 pg/L/day.  

P r o f i l e s  made dur ing  t h e  August c r u i s e  ranged i n  average  Vmax from 
2.81 pg/L/day t o  0 .27 pg/L/day aga in  e x c l u d i n g  s t a t i o n  34. F igure  17 
compares a s p r i n g  and summer p r o f i l e  s t a t i o n  from each of f o u r  l a t i t u d e s .  
A t  l a t i t u d e  63"N, t h e  d a t a  from s t a t i o n  30A i n  May -1977 sugges ted  prebloom 
c o n d i t i o n s .  Phytoplankton numbers were low and n u t r i e n t  l e v e l s  were h i g h .  
The average  Vmax of f o u r  dep ths  t o  f i f t y  met res  was 0.47 pglLlday.  In 
August, a t  t h e  same l a t i t u d e ,  s t a t i o n  30 was determined t o  have an average  
Vmax o f  4 . 4 1  pg/L/day, s u g g e s t i n g  a r e c e n t  and d imin i sh ing  bloom of 
phytoplankton.  A t  l a t i t u d e  6Z0N, t h e  average  Vmax t o  f i f t y  met res  i n  May 
1977 was 5.16 pg/L/day dur ing  a bloom. In  August 1978 a t  t h i s  l a t i t u d e ,  
t h e  average  Vmax t o  f i f t y  metres  a t  s t a t i o n  40 was 0.82 pg/L/day and,  
t o g e t h e r  w i  t h  low phytopl ankton numbers and depl e t e d  n u t r i e n t s  , sugges t e d  



a  bloom e a r l i e r  in  the  y e a r .  S ta t ion  occupations in the  two seasons a t  
l a t i t u d e  61°N demonstrated a  uniformly low Vmax throughout the  water 
column in April 1978 in "prebloom" conditions and a  s i m i l a r l y  low Vmax 
in the water column a t  s t a t i o n  49 in Augusty in "postbloom" condit ions.  
A t  l a t i t u d e  60°N, the  average Vmax to  f i f t y  metres a t  s t a t i o n  60 in 
April 1977 was 2.19 Fig/L/day during a  developing bloom. Sta t ion  59, a t  
t he  same l a t i t u d e  in  August had an average Vmax t o  f i f t y  metres of 3.42 
pg/L/day. The l a rge  numbers of phytoplankton a t  t h i  s  s t a t i o n ,  together  
with high he tero t rophic  a c t i v i t y ,  were probably sustained by n u t r i e n t  
replenishment, possibly by upwelling along the Labrador coas t .  

Figure 18 demonstrates t h e  r e l a t ionsh ip  between bac te r i a l  Vmax and 
phytoplankton numbers in  a  t rack  of p r o f i l e  s t a t i o n s  occupied during 
August 1978. The p r o f i l e  a t  s t a t i o n  34, in the  mouth of Frobisher Bay 
i s  a l so  included. The unusually high Vmax a t  t he  ZOO metre depth was 
previously discussed. The t r a c k  of p r o f i l e  s t a t i o n s  was occupied from 
south to north and new water masses were cont inual ly  encountered in the 
south-flowing cu r ren t .  Several of these  s t a t i o n s  have been previously 
discussed and t h i s  f i g u r e  i s  included t o  summarize the  r e l a t ionsh ip  of 
phytoplankton production to  heterotrophic a c t i v i t y  by bac te r i a .  The data 
suggest gradually dec l in ing  blooms of phytoplankton from s t a t i o n  3  through 
11 to  s t a t i o n  19. Potent ia l  he tero t rophic  a c t i v i t y  was a l s o  decl ining 
through these  s t a t i o n s ,  although probably increasing a t  the 20 metre 
depth. A t  s t a t i o n  30, Vmax was probably near a  seasonally high l e v e l ,  
due perhaps t o  a  p r io r  phytoplankton bloom sustained by coastal  upwell ing. 
Potent ial  bac ter ia l  a c t i v i t y  a t  s t a t i o n s  40 and 49 had receded in water 
masses exhausted of n u t r i e n t s  and carbon sources. S ta t ion  59, as previously 
described, demonstrated high bacter ia l  a c t i v i t y .  In t h i s  ins tance ,  
phytoplankton production and consequent heterotrophic a c t i v i t y  were probably 
sustained by coastal  upwelling of lower depth n u t r i e n t s .  

The in t e rp re ta t ion  of microbiological data provides a  reasonable 
evaluation of the "biological  s t a t e "  of a  given water mass. The method 
of heterotrophic po ten t i a l s  is an accurate measurement of an a c t i v i t y  
which i s  cl osely associa ted  wi t h  primary production. The e l  ucidat ion of 
t h i s  a c t i v i t y  appears t o  y i e l d  a  dynamic in t e rp re ta t ion  of in t e r re l a t ionsh ips  
in the ecosystem of such parameters as  n u t r i e n t  concentrat ions and numbers 
of bac ter ia  and phytoplankton. As explained a t  the beginning of the  t e x t ,  
a  subsequent repor t  wi l l  draw together  microbiological observations a t  
inshore areas of Frobisher Bay, incl  udi n g  o the r  k ine t i c  parameters of 
heterotrophic a c t i v i t y .  Further discussion of the data in  t h i s  repor t  wil1 
then be possible.  

4.4.2 Uptake of hexadecane 

Al kanes a re  organic compounds which can be r ead i ly  u t i l  ized by a  
proportion of the he tero t rophic  bac te r i a l  f l o r a  in many environments. 
These heterotrophic c e l l s  a r e  refer red  to  here as o l e o c l a s t s .  Heterotrophic 
incorporation of al  kanes by o leoc las t s  r e s u l t s  in  growth and mu1 t i p l  i ca t ion  
of the c e l l s  and the  evolut ion of respired alkanes a s  carbon dioxide ( C O 2 ) .  



By using 14C-label led hexadecane, a sixteen-carbon al kane, as a 
radioactive label in weathered crude petroleum, CO2 evolved by the 
ce l l s  exposed t o  the labelled crude petroleum contains a proportion of 
I4CO2 which can be measured. A deficiency of the technique a t  t h i s  time 
i s  tha t  radioactive hexadecane assimilated and retained by the ce l l s  
cannot be measured due t o  technical problems. Only that hexadecane which 
i s  completely metabol ized or minera1 ized to  14C02 and then released by 
the ce l l s  can be measured. 

Despite technical problems, a degree of success was attained with 
the technique in the f i r s t  year of i t s  use. A sixteen-day incubation 
period was arb i t ra r i ly  chosen for  the April 1978 cruise in the absence 
of prior knowledge of the time required. On the August cruise,  a f t e r  
evaluating some of the resul ts  from the April cruise, the incubation time 
was extended to 25 days. The resul ts  are seen in Tables 11 and 12  and, t o  
f a c i l i t a t e  comparison, are presented as the maximum disintegratlons per 
minute (DPM) of 14C02 recovered a f t e r  16 days in the April cruise (Table 11) 
and 15 days in the August cruise (Table 12). 

On the April cruise, the average maximum DPM of 14C02 obtained from 
one metre water a t  16 stations was 13,636, with a range from 353 to 62,324 
DPM. These values are in contrast to the values obtained in August when 
the average maximum DPM obtained a t  30 stations was 1753 with a range from 
139 to 8493 DPM. The.results are summarized in Figures 19 and 20 as four 
ranges of observed maximum DPM. ,During the spring cruise (Fig. 19 ) ,  the - 
amount of mineralization was generally high a t  stations occupied in the 
more southern lati tudes from 59" t o  62"N. As previously observed, the 
surface waters of these lati tudes were in "prebloom" or winter conditions 
and had high levels of nutrients in April 1978. A t  lat i tudes 63" and 64"N, 
a spring phytoplankton bloom was in progress and nutrients were depleted 
in the upper parts of the water columns, except station 24 where some 
nutrients remained. Mineralization a t  the more northern la t i tudes,  
particularly la t i tude 63"N, was comparatively low. 

During the August cruise (Fig. 20) nutrients were essentially depleted 
in most areas except along the coast of Baffin Island where concentrations 
rnay have been high due to  upwelling, and a t  la t i tude 60°N where relatively 
high nutrient levels rnay have been a reflection of the northward-flowing 

Atlantic current. In general, the greatest amount of hexadecane 
mineralization occurred in those areas where nutrients were available. I n  
nutrient-depleted areas, hexadecane mineralization was generally low. 

The numbers of oleoclastic bacteria were seen t o  increase by an average 
of approximately one order of magnitude between spring and summer observations. 
This coincided wi t h  a general ten-fold increase in the number of heterotrophic 
bacteria,  a consequence of primary production. However, this  increase in the 
oleocl as t ic  population capable of minera1 izing hexadecane was n o t  reflected 
in the amount of mineralization observed. The spring value for  maximum DPM 
was 7 .8  times that seen in the summer, in spi te  of a smaller population of 
oleoclasts. The limiting factor in sumer waters would appear to be low 



nutr ient  l eve l s .  A comparison of n i t r a t e  concentrations, numbers of 
oleoc'iasts and maximum DPM obtained from hexadecane mineralization in 
one metre water of the August s t a t ions  i s  shown in Figure 21 .  Although 
o leoc las t i c  bacter ia  were present in varying numbers a t  al1 s t a t ions  
sampled, the amount of hexadecane mineralization generally varied d i r ec t l y  
wi t h  avail ab1 e  n i t r a t e .  

The above r e s u l t s  would tend t o  suggest t h a t  petroleum in south Davis 
S t r a i t  would be readi ly  degraded to  some degree during ear ly  spring 
conditions. A t  t h i s  time the concentration of nu t r i en t s  in surface waters 
would be su f f i c i en t  t o  f a c i l i t a t e  degradation and mineralization. 
However the presence of petroleum i n  the ecosystem a t  t h i s  tirne would have 
unpredictable e f fec t s  on the  spring phytoplankton bloom, an event which 
was seen t o  be necessary f o r  the ac t iv i ty  and increase of heterotrophic 
bacteria including o leoc las t s .  With a  large amount of petroleum subst ra te  
available,  however, oleocl a s t s  might increase t o  form a  large proportion 
of the t o t a l  heterotrophic population and deplete nutr ient  levels  during 
the process of degradation. In t h i s  scenario, neglecting currents and 
ver t ica l  mixing, nu t r i en t s  would then be anavailable fo r  a  phytoplankton 
bloom in the area of petroleum contamination. 

In summer waters the 1 ack of nutr ients ,  depleted by an ear l  i e r  spring 
phytoplankton bloom, would tend to  l imi t  the r a t e  and amount of degradation 
of petroleum entering t h e ~ s u r f a c e  waters during t h i s  period. Although 
speculative a t  t h i s  time, i t  seems reasonable t o  conclude t ha t  an influx 
of petroleum into  south Davis S t r a i t  during summer o r  fa11 would probably 
be largely entrained in winter ice  i f  i t  were not beached o r  dissipated 
in some other fashion. 



5.0 CONCLUSIONS 

Several preliminary conclusions concerning Davis S t r a i t  can be made 
a t  t h i s  time. 

1. The spring phytoplankton bloom i s  important for the summer 
devel opment of the bacterial f lora  in Davis S t ra i t .  Heterotrophic bacteria,  
including oleoclastic populations, increased by approximately one order of 
magnitude in response to  primary production by phytoplankton in surface 
waters. As might be expected, oleoclasts appear t o  be part of the bacterial 
f lora  in al1 surface waters of south Davis S t r a i t .  

2 .  The potential heterotrophic ac t iv i ty  of bacteria increases rapidly 
in surface waters in response to  primary production. This potential 
act ivi ty  i s  a reflection of the actual act ivi ty  which resul ts  in an increase 
of the bacterial biomass. 

3. Primary production declines as nutrients are depleted in the water 
column, and the availabi l i t y  of organic substrates to bacteria, a t  l eas t  of 
glutamic acid, presumably declines also.  This results in a reduced 
potential heterotrophic uptake of-glutamic acid, in spi te  of a large 
population of heterotrophs. 

4 .  Below f i f t y  metres, potential heterotrophic act ivi ty  i s  uniformly 
low (excl uding one observation) and this  condition probably prevails in al1 
seasons , un1 ess strong vertical mixi ng occurs. Low acti vi ty i s  al so 
suggested by low numbers of ce1 1s. 

5. The abi l i ty  of oleoclasts to u t i l i ze  al kanes i s  1 imited by the 
avai labi l i ty  of nutrients, particularly reactive ni t rate .  As a consequence, 
a larger population in summer waters consumes smaller amounts of alkanes 
than in "prebloom" spring waters where smaller numbers of oleoclasts are  
not 1 imited by nutrients. 

6 .  Should an oil  blowout occur during the period of exploratory 
dr i l l ing  (August-October), i t  would coincide with a period of low nutrient 
levels in south Davis S t r a i t .  Released o i l  would be entrained in the 
subsequent winter ice. Degradation by oleoclasts of a t  leas t  the al kane 
fraction of the oil  should occur in spring when the oil  re-enterswater 
masses containing adequate nutrients.  The localized effect  of the oil  on 
the development of the under-ice f lora  of phytoplankton and the bloom of 
phytoplankton in the water cannot be predicted a t  this time. 
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7.0 FIGURES 

F igu res  1-21 



Figure  1. S t a t i o n s  occupied dur ing c r u i s e  77-2 in  April-May 1977. 



Figure 2. Stations occupied during cruise 78-1 in April 1978. 



Figure 3. Stations occupied during cruise 78-2 in August 1078. 





Figure 5. Phytoplankton nurnbers i n  one metre water a t  s ta t ions occupied in 
Davis S t r a i t  during April 1978. Number of counts X 103 per 1 i t r e  of water are 
expressed in four ranges represented by four sizes of  c i rc les .  Data were 
obtained from MacLaren Marex Inc. 



Figure 6. Phytoplankton numbers in one metre water ?t s ta t ions  occupied in 
Davis S t r a i t  during A u g u s t  1978. Number of counts X 1 0 9 e r  l i t r e  of water 
a re  expressed in four ranges represented by four s izes  of  c i r c l e s .  Data 
were obtained from MacLaren Marex Inc. 



Figure 7.  Total bacterial  c e l l s  in one metre water a t  s t a t i ons  occupied in 
Davis S t r a i t  during Upril 1978. Log number of bacteria per l i t r e  of s e a w a t ~ r  
i s  expressed in four ranges represented by four s izes  of c i r c l e s .  



Figure 8. Total bacterial cel ls  in one metre water a t  stations occupied in 
Davis S t r a i t  during August 1978. Log number of bacteria per l i t r e  of seawater 
i s  expressed in four ranges represented by four sizes of c ircles .  







Figure 11. Total viable heterotrophs (TVH) in one rnetre water a t  stations 
occupied in Davis S t r a i t  during August 1978. Log nurnber TVH per l i t r e  of 
water i s  expressed in four ranges represented by four sizes of c i rc les .  



Figure 12 .  Numbers of o leoclas ts  in one metre water a t  s t a t ions  occupied in 
Davis S t r a i t  during April-May 1977. O!eoclasts a r e  represented as log of 
the most probable number (MPN) per 1 i t r e  of seawater and expressed in four 
ranges represented by four s izes  of c i r c l e s .  



Figure 13. Numbers of oleoclasts in one metre water a t  stations occupied in 
Davis S t r a i t  during August 1978. Oleoclasts a re  represented as log of the 
most probable number (MPN)  per 1 i t r e  of seawater and expressed in four ranges 
represented by four s izes  of c ircles .  



Figure 14. Maximum velocity ( V  max) of glutamate uptake represented by 
cornbined mineralization and assimilat ion in one metre water a t  s t a t ions  
occupied in Davis S t r a i t  during April-May 1377. V max in micrograms of 
glutamic acid  per l i t r e  of seawater per day i s  expressed i n  f ive  ranges 
represented by f i v e  s izes  of c i r c l e s .  



Figure 15. Maximum velocity ( V  max) of glutamate uptake represented by 
combined mineralization and assimilation in one metre water a t  s ta t ions 
occupied in Davis S t r a i t  during April 1975. V max in micrograms of 
glutamic acid per l i t r e  of seawater per day i s  expressed in f ive  ranges 
represented by f ive sizes of c i rc les .  



Figure 16. Maximum velocity ( V  max) of glutamate uptake represented by 
combined mineralizat ion and assimilat ion in one metre water a t  s t a t i ons  
occupied in Davis S t r a i t  during August 1978. V max in micrograms of  
glutamic acid per l i t r e  of seawater per day i s  expressed in f i v e  ranges 
represented by f i ve  s izes  of c i r c l  es .  





F i g u r e  18. Comparison o f  nurnbers o f  p h y t o p l a n k t o n  and V max of b a c t e r i a  
i n  p r o f i l e s  a t  s t a t i o n s  o c c u p i e d  i n  August 1978. 



Figure 19. Average maximum hexadecane mineralization represented as 
disintegrations per minute (DPM)  a f te r  sixteen days incubation of one metre 
water from stat ions occupied in Davis S t r a i t  during April 1978. DPM i s  
expressed in four ranges represented by four s izes  of c i rc les .  



Figure 20. Average maximum hexadecane mineralization represented as 
disintegrations per minute ( D P M )  a f te r  f i f teen  days incubation of one metre 
water from stat ions occupied in Davis & t r a i t  during August 1978. DPM i s  
expressed in four ranges represented by four sizes of c i rc les .  
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OLEOCLASTS = 2.5 log n o / ~  
HEXADECANE 0 = 5000 DPM 

Figure 21. Comparison of reactive n i t ra te  concentrations, numbers of  
oleoclasts a n d  maximum DPM of hexadecane rnineralization in one metre water 
a t  s tations occupied in August 1978. 



8.0 APPENDIX 

Tables 1-18 



T a b l e  1 

M i c r o b i o l o g y  S t a t i o n s  i n  Dav is  S t r a i t  
/ 

A p r i  1  -May 1977 C r u i s e  77-2 

P o s i t i o n  

Stn.  No. Date L a t .  Long. 

65 26 A p r i l  54"511N 53'03'W 

60 28 A p r i l  5g055'N 60°38'W 

6 1 28 A p r i l  60°01' r'I 6O0O7'W 

62 28 A p r i  1 60°01 ' N 59'04 ' W 
63 27 A p r i l  60°00'N 57"59'W 

48 30 A p r i l  60°56'N 61°07' W 

4 7 2 May 60°59'N 5g057' U 

46 2 May 61°01'N 58" 52' W 

3 May 62O01'N 61°27'W 

3 May 62O02'N 00°57'!4 

4 May 61°52'N 6O0O4'W 

5 May 6Z001 'N 58" 58 ' W 
5 May 61°59'N 58'02'W 

3 0A 6 May 63O02'N 61°35'W 

29 6 May 6Z059'N 60°59'W 

2 8 7 May 6Z059'N 5g058'W 

27 7 May 62" 59 ' N 58'57'W 

2 6 7 May 62" 58' N 57'58'W 

2 5 7 May 63"001N 56O58'W 



Table 2 

Microbiology Stations in Davis Strait 

Stn. No. 

5 5M 

57M 
58M 

59M 

59A 

April 1978 Cruise 78-1 

Position 

Date Lat. Long. 

13 April 55'00'N 54'43'W 

14 April 57'08'N 56'39 ' W 

14 April 58' 00 ' N 57'28'W 

14 Apri 1 58'58'N 58O24'W 

16 April 59'38' N 6l03O'W 

18 April 60°00'N 61'00 ' W 
18 April 60°00'N 6O0O0'W 

18 April 59'57' N 58'57'W 

19 April 59'59'N 57'59'W 

19 April 61°00'N 57'59'W 

19 April 61°01'N 59'04'W 

20 April 61°00'N 6O0O1'W 

21 April 61°02'N GlO1l'W 

22 April 62'00'N 59'48' W 
23 April 6Z002'N 58'56'W 

23 April 61°55'N 58'00'W 

24 April 63'01'N 57'02' W 

24 Apr i 1 62' 53' 1'1 5i059'W 

26 April 62' 59 ' N 58"3I1W 

24 27 April 63' 58' N 57'00'W 



Table 3 (Cont inued) 

August 1978 

Stn.  No. Date 

7 20 Aug. 

9 20 Aug. 

11 20 Aug. 

13 22 Aug. 

6 21 Aug. 

5 21 Aug. 

3 21 Aug. 

1 '  22 Aug. 
L 

Cruise 78-2 

P o s i t i o n  

L a t .  Long. 

65'00' N 57'00 ' W 
65' 00 ' N 58" 59 ' W 

64'59'N 6l0O8'W 

65'00'N 63'00'W 



Table 4 

Abiotic Observations at Stations Occupied in Davis Strait 

Apri 1 -May 1977 Cruise 77-2 

Temp Salinity Phos hate Nitrate 
? m ; " i - c i - m * m & &  
Stn. 65 

Stn. 60 

Stn. 61 

Stn. 62 

O 
1 
5 
2 O 
5 O 
100 
200 

* RO data 



Table  4 (Cont inued)  

Cru i se  77-2 Apri 1 -May 1977 

S a l i n i t  m +  N i t r a t e  
G-Wn 

DOC POC 
O 0 

Stn .  63 

S t n .  48 

S t n .  47 

S t n .  46 

Stn .  40 



T a b l e  4  ( C o n t i n u e d )  

A p r i l  -May 1977 Cruise 77-2 

DOC POC 

S t n .  4 1  

S t n .  4 2  

S t n .  4 3  

S t n .  4 4  

S t n .  3 0 A  



T a b l e  4 ( C o n t i n u e d )  

A p r i l  -May 1 9 7 7  Cruise 77-2 

S t n .  29 

O - 1 . 5  33.35 

S t n .  2 8  

S t n .  27 

S t n .  2 6  

S t n .  2 5  

DOC POC 



T a b l e  5 

A b i o t i c  O b s e r v a t i o n s  a t  S t a t i o n s  O c c u p i e d  i n  D a v i s  S t r a i t  

A p r i l  1978 

S t n .  59A 

O -2.0 

S t n .  6 0  

S t n .  6 1  

O 

S t n .  62 

C r u i s e  75-1 

Sa1 i n i  t y  P h o s p h a t e  N i t r a t e  DOC POC 
h g  a t / L )  ( ~ g  a t / L )  (mg/L) ( p g / L )  



Table 5 ( C o n t i n u e d )  

A p r i l  1 9 7 8  Cruise 78-1  

DOC ' POC 

S t n .  6 3  

S t n .  4 8  

S t n .  4 7  

S t n .  4 6  

S t n .  4 5  



Table 5 (Continued) 

Dep t h Sa1 ini ty 

Stn. 25 

O 
1 
5 
20 
5 0 
100 
200 

Stn. 24 

O 
1 
5 
2 O 
50 
100 
20 O 

DOC POC 



Table  6 

A b i o t i c  Observa t ions  a t  S t a t i o n s  Occupied i n  Davis S t r a i t  

August 1978 Cru i se  78-2 

S tn .  57 

1 1 . 6  31.79 O .  23 O .  15 2.0 360 
5 1 . 6  31.79 O .  18  0.25 1 . 4  300 

20 0 . 8  32.00 O .  38 1 .61  1 .4  120 
50 0 .5  32.23 0 .57 3.87 1 . 6  110 

100 O. 2 32.60 0 .71 6.40 1 .3  70 
140 - - - - O.  73 6 .92 1 .6  90 

S tn .  59 

S tn .  61 

S tn .  63 

S tn .  53 



Table 6 (Continued) 

August 1978 Cruise 78-2 

DOC 

Stn. 34 

Stn. 38 

Stn. 40 

Stn. 42 

Stn. 44 



T a b l e  6  (Con t inued)  

August  1978 Cruise 78-2 

Sa1 i n i t y  Phospha te  N i t r a t e  DOC POC 
( p g a t / L )  (Fig 

S t n .  32 

S t n .  30 

S t n .  28 

S t n .  26 

S t n .  17  



T a b l e  6 ( C o n t i n u e d l  

A u g u s t  1978 C r u i s e  78-2 

S a l i n i t y  Phos h a t e  N i t r a t e  ?" T* T;gat7LT - J. -6% 
S t n .  19 

S t n .  21 

S t n .  23 

1 - - - - 0.22 O. 19 1.9 40 
5 4.40 32.17 0.26 O. 12 1.8 30 
2 0 -0.73 32.96 O. 12 O. 15 1.7 90 
5 0 -1.32 33.36 0.40 3.23 1.3 5 O 
1 O0 -1.68 33.51 O. 69 8.34 2.2 O 
200 0.08 33.95 O. 88 13.70 1.3 5 O 

S t n .  13 

S t n .  11 



T a b l e  6 ( C o n t i n u e d )  

A u g u s t  1 9 7 8  Cruise 78-2 

S t n .  9 

S t n .  7 

S t n .  1 

S t n .  3 

S t n .  5 

POC 



Table  6 (Con t inued)  

August 1978 C r u i s e  78-2 

Sa1 i n i t y  Phos h a t e  N i t r a t e  +?$- T* .czT7ïT l* 7% 
Stn .  6 



Table  7  

Observa t ions  of Chlorophyl l  a  and Phytoplanktoti a t  
S t a t i o n s  Occupied i n  Davis S t r a i t .  

Apri 1  -May 1977 C r u i s e  77-2 

S t n .  65 

S t n .  60 

S t n .  61 

O 
1 
5 

2  0  
5 O 

100 
200 

S t n .  62 

O 
1 
5 

2 O 
5 O 

100 
200 

Ch1 orophyl 1 a  
( m m 3  



Table 7  ( C o n t i n u e d )  

Apr i l  -May 1977 

S t n .  63  

S t n .  4 8  

O 

S t n .  47 

S t n .  46 

S t n .  40 

Cruise 77-2 



T a b l e  7  ( C o n t i n u e d )  

Apr i  1-May 1 9 7 7  

S t n .  41 

S t n .  4 2  

S t n .  43 

S t n .  44 

S t n .  30A 

Cruise 77-2 



T a b l e  7  (Con t inued)  

Apri 1  -May 1977 

Phytopl  ank ton  
(no. /L )  

S t n .  29 

S t n .  28 

S t n .  27 

O 

S t n .  26 

S t n .  25 

Cruise 77-2 

Ch1 o rophy l  1  a 
(mg/m3 ) 



Table  8 

Observat ions  o f  Chlorophyll  a ,  Phytoplankton and D i r e c t  Count of B a c t e r i a  a t  
S t a t i o n s  Occupied i n  Davis S t r a i t .  

April  1978 C r u i s e  78-1 

Phy;;:!;;!ton Chlc~r-;/"#;l a D i r e c t  Count 
( l o g  no./L) 

S t n .  59A 

S t n .  60 

S t n .  61 

S t n .  62 



T a b l e  8 ( C o n t i n u e d )  

A p r i l  1978 

D e p t h  P h y t ; ; ~ ~ ~ ~ ; " n  
O 
S t n .  63 

O 77 290 

S t n .  48 

S t n .  47 

S t n .  46 

S t n .  45 

O 
1 

C r u i s e  78-1 

Direct C o u n t  
( log  n o . / L )  



T a b l e  8 ( C o n t i n u e d )  

A p r i l  1978 C r u i s e  78-1 

Dep t h  
(m 

P h y t o p l  a n  k t o n  
( n o . / L )  

S t n .  42 

O 283 920 

S t n .  43 

S t n .  44 

S t n .  27 

O 

S t n .  26 

O 4 076 286 

Direct Count  
( l o g  no . /L)  



Table  9 

Observat ions  o f  Chlorophyll  a ,  Phytoplankton and D i r e c t  Count of B a c t e r i a  a t  
S t a t i o n s  Occupied i n  Davis S t r a i  t .  B 

August 1978 Cru i se  78-2 

Ch1 orophyl 1 a 
(mg/m3 

D i r e c t  Count 
( l o g  no./L) 

S t n .  57 

S tn .  59 

S t n .  61 

S t n .  63 

S t n .  53 



Table 9 (Continued) 

August 1978 

Stn. 55 

Stn. 51 

Stn. 49 

Stn. 47 

Stn. 45 

Cruise 78-2 

D i r e c t  Count 
( l o g  no./L) 



Table  9  (Cont inued)  

August 1978 C r u i s e  78-2 

Depth 
O 

D i r e c t  Count 
( l o g  no./L) 

S t n .  34 

S t n .  38 

S t n .  40 

S t n .  42 

S t n .  44 



T a b l e  9 ( C o n t i n u e d )  

A u g u s t  1 9 7 8  Cruise 78-2 

Direct S o u n t  
( l o g  no . /L)  

S t n .  3 2  

S t n .  30 

S t n .  2 8  

S t n .  2 6  

S t n .  1 7  



Table 9 (Continued) 

Cruise 78-2 August 1978 

Direct Count 
(log no./L) 

Stn. 19 

Stn. 21 

Stn. 23 

Stn. 13 

Stn. 11 



Table  9 (Cont inued)  

August 1978 C r u i s e  78-2 

Stn. 9 

Stn.  7 

Stn.  1 

Stn. 3 

Stn. 5 

D i r e c t  Count 
( l o g  no. /L)  



T a b l e  9  (Continued) 

August 1978 

Phytopl ankton 
(no.IL.1 

S t n .  6 

C r u i s e  78-2 

Direct Count 
( l o g  no./L) 



Table  10 , 

Total  Viabl e Heterotrophs  and O1 eocl a s t s  wi t h  Rela ted A b i o t i c  
Observat ions  i n  One Metre Water a t  S t a t i o n s  Occupied i n  Davis S t r a i t  

Apr i 1 -May 1977 C r u i s e  77-2 

S t n .  
no. O l e o c l a s t s  TVH Oleocl a s t s  Phos h a t e  N i t r a t e  

( l o g  no./L) ( l o g  no. /L)  (%)  l - z h ~  ~ ; s a f / i ~  



Table  11 

Total  Viable  He te ro t rophs  and Hexadecane M i n e r a l i z a t i o n  wi th  Rela ted  
Abio t i c  Observa t ions  i n  One Metre Water a t  S t a t i o n s  Occupied i n  
Davis S t r a i  t .  

April  1978 C r u i s e  78-1 

no. Hexadecane TV H N i t r a t e  
(Av. Max. DPM) ( l o g  no./L) 



Table  12 

Tota l  Viab le  H e t e r o t r o p h s ,  O l e o c l a s t s  and Hexadecane M i n e r a l i z a t i o n  wi th  
Re la ted  A b i o t i c  Obse rva t ions  i n  One Metre Water a t  S t a t i o n s  Occupied i n  
Davis S t r a i t .  

August 1978 C r u i s e  78-2 

S t n .  
no. Hexadecane O1 eocl  a s t s  TV H O1 e o c l  a s  t s  Phos ha t e  N i  t r a t e  

(Av.Max.DPM) ( log '  no . /L)  ( l o g  no./L) ( % )  T%-hj;g-aeji~ 



Table  12 [Continued) 

August 1978 
C r u i s e  78-2 

S t=r0 
no. Hexadecane O1 e o c l  a s  t s  TVH Oleocl a s t s  Phosphate N i t r a t e  

(Av.Max.DPM) ( l o g  no./L) ( l o g  no. /L)  ( % )  (Figm 



T a b l e  13 

K i n e t i c  Parameters of M i c r o b i a l  A c t i v i t y  Obta ined from One M e t r e  Water 
Sampled a t  S t a t i o n s  on F i v e  L a t i t u d e s  i n  Dav is  S t r a i t :  

A p r i  1  -May 1977 C r u i s e  77-2 

L a t i t u d e  55"N 

S t n .  65 

T r a n s e c t  on L a t i t u d e  60°N 

T r a n s e c t  on L a t i t u d e  61°N 

T r a n s e c t  on L a t i t u d e  62"N 

T r a n s e c t  on L a t i t u d e  63"N 



Table 14 
t 

K i n e t i c  Parameters o f  M i c r o b i a l  A c t i v i t y  Obtained from One Metre Water 
Sampled a t  S ta t i ons  on Seven La t i t udes  i n  Davis S t r a i t .  

A p r i l  1978 Cru ise  78-1 

L a t i t u d e  57"N 

Stn. 57M O. 11 101.31 11.01 O. 960 

L a t i  tude 58"N 

Transect  on L a t i t u d e  59"N 

Transect  on L a t i t u d e  60°N 

Transect  on L a t i t u d e  61°N 

Transect  on L a t i t u d e  62"N 

Transect  on L a t i t u d e  63"N 

0.70 9.52 6.66 0.960 
O. 672 20.91 14.06 O. 967 

- - m m - -  r e j e c t e d  da ta  - - - - - - 
O. 590 10.41 6.14 0.957 

- - - - - -  r e j e c t e d  da ta  - - - - - - 
8.551 1.12 9.61 O. 966 
8.674 1.36 11.82 O. 977 
4.361 1.65 7.21 O. 983 - - - - - -  r e j e c t e d  da ta  - - - - - - 



Table  15 

Kine t i c  Parameters of Microbial  A c t i v i t y  Obtained from One Metre Water 
Sampled a t  S t a t i o n s  on Seven L a t i t u d e s  i n  Davis S t r a i t .  

August 1978 Cru i se  78-2 

T r a n s e c t  on L a t i t u d e  60°N 

S t n .  57 
5 9 
6 1 
6 3 

Transec t  on L a t i t u d e  61°N 

Transec t  on L a t i t u d e  6Z0N 

Transec t  on L a t i t u d e  63"N 

T r a n s e c t  on L a t i t u d e  64"N 



Table 15 (Continued) 

August 1978 Cruise 78-2 

Transect on Latitude 65"N 

S t n .  13 
11 
9 
7 

Transect on Latitude 66"N 



Table  16 

Tota l  Viab le  H e t e r o t r o p h s  and K i n e t i c  Pa ramete r s  of Microbia l  A c t i v i t y  
from P r o f i l e  S t a t i o n  Waters Sampled i n  Davis S t r a i t .  

Apri 1 -May 1977 C r u i s e  77-2 

v max 
(iig/L/day) 

T K+ S r TV H 
(days )  O ( l o g  no./L) 

S t n .  60 

S t n .  62 

1 0.21 15.07 3.17 0.998 3.22 
5 no d a t a  3.52 

20 0.18 15.30 2.75 0.998 - - 
50 0.13 27.00 3.60 O. 996 3.52 

S t n .  48 

1 9.30 2.75 25.58 O .  989 4.62 
5 8.85 3.95 34.93 O. 981 4.40 

20 10.84 1.84 19.97 O. 985 4.26 
50 no d a t a  - - 

1 O0 no d a t a  - - 
200 0.70 26.94 18.78 0.954 3.22 

S t n .  4 1  

S t n .  30A 



T a b l e  17 

Tota l  V i a b l e  He te ro t rophs  and K i n e t i c  Parameters  o f  Microbia l  A c t i v i t y  
from P r o f i l e  S t a t i o n  Waters Sampled i n  Davis S t r a i t .  

Apr i l  1978 C r u i s e  78-1 

'max 
( u g / i / d a y )  

T K+ S r TVH 
O O ( l o g  no./L) 

S t n .  60 

1 0.46 11.41 5.29 O. 989 4.40 
5 0.51 15.39 7.91 0.981 4.00 
2 0 0.55 14.45 8.03 O. 994 4.88 
50 r e j e c t e d  4.54 

d a t a  
100 0.49 12.86 6.26 0.994 4.50 
203 0.22 93.47 20.30 0.953 0.0 

S t n .  47 

S t n .  43 

S t n .  25 

O. 67 
0.43.: 
O. 58 
0.47 
O. 14 

r e j e c t e d  
da t a  

4.36 
5.35 
4.51 
2.86 
0.48 

r e j e c t e d  
d a t a  



Table  18 

Tota l  Viab le  He te ro t rophs  and K i n e t i c  Parameters  o f  Microbia l  A c t i v i t y  
from P r o f i l e  S t a t i o n  Waters Sampled i n  Davis S t r a i t .  

August 1978 C r u i s e  78-2 

"max 
.- (pg/L/,ay, 

T K+ S r TV H 
(dayçJ O ( l o g  no./L) 

S t n .  34 

S t n .  59 

S t n .  49 

1 
5 
2 O 
50 
100 
200 

S t n .  40 

S t n .  30 



T a b l e  18 (Continued) 

August 1978 

S t n .  19 

S t n .  11 

1 1.58 
5 2.40 

2 O 1 . 2 3  
5 O O.  68 

100 0.24 
200 O.  16  

S t n .  3 

Cru i se  78-2 

TVH 
( l o g  no./L) 

6.46 
6.34 
6.53 
5 .11 
4.87 
4.80 

5.89 
6.30 
5.93 
4.00 
4.48 
4.52 

6.07 
5 .98 
5.60 
4.62 
4 .85 
5.02 




